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I . 

0 ANTIBACTERIAL AGENT AND TREATMENT OF ARTICLE THEREWITH. 

(g) An antibacterial agent containing as the active ingredients a compound selected from the group consisting of 
a decomposition product of lactoferrin, a lactoferrin-related antibacterial peptide and an arbitrary nnixture thereof, 
another specified compound and/or an antibiotic; and a method of treating an article with the agent. This agent 
has an excellent antibacterial effect on a wide variety of microbes and is utilizable not only as a drug but also for 
disinfecting various articles such as food and quasi drug safely and efficientiy, 
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TECHNICAL FIELD 

The present invention relates to antimicrobial agents and nnethod for treating products therewith. More 
particularly, the present invention relates to new antimicrobial agents having excellent antimicrobial activity 
5 against wide variety of microorganisms, and method for safely treating various products, e.g., foods, 
medicines, and the like with such an agent. 

BACKGROUND ART 

70 It is known that lactoferrin is a natural iron-binding protein occurring in vivo, e.g. in lacrima, saliva, 
peripheral blood, milk and the like, and that it exhibits antimicrobial activity against various harmful 
microorganisms belonging to genera of Escherichia, Candida, Closridium, and the like (Journal of Pediatrics, 
Vol. 94, Page 1, 1979). It is also known that lactoferrin exhibits antimicrobial activity, in a concentration of 
0.5-30 mg/ml, against microorganisms belonging to genera of Staphylococcus and Entcrococcus (Non- 

75 necke. B.J. and Smith, K.L.: Joumal of Dairy Science, VoL 67, page 606, 1984). 

On the other hand, a number of inventions are known for peptides having antimicrobial activity against 
various microorganisms. Some of examples of such peptides are: phosphono-tripeptide (Japanese Unex- 
amined Patent Application Gazette No. 57(1 982)- 106689), phosphono dipeptide derivatives (Japanese 
Unexamined Patent Application Gazette No. 58(1 983)- 13594), and cyclic peptide derivatives (Japanese 

20 Unexamined Patent Application Gazette No. 58(1983) 213744) which are effective against Gram positive and 
Gram negative bacteria; peptides having antimicrobial and antiviral activities (Japanese Unexamined Patent 
Application Gazette No. 59(1 984)-51 247); polypeptides effective against yeast (Japanese Unexamined 
Patent Application Gazette No. 60(1 985)-1 30599); glycopeptides derivatives effective against Gram positive 
bacteria (Japanese Unexamined Patent Application Gazette Nos. 60(1 985)-1 72998. 61(1986)-251699. 63- 

25 (1988)-4459d); oligopeptides effective against Gram positive bacteria (Japanese Unexamined Patent Ap- 
plication Gazette No. 62(1987)-22798); peptide antibiotics (Japanese Unexamined Patent Application Ga- 
zette Nos, 62(1 987)-51 697. 63(1 988)- 17897); antimicrobial peptides extracted from blood cells of 
Tachypleus tridentalus from North America (Japanese Unexamined Patent Application Gazette No. Heisei 2- 
(1990)-53799); antimicrobial peptides isolated from hemolymph of bees (Japanese Unexamined Patent 

30 Application (via PCT root) Gazette No. Heisei 2(1990)-500084), and the like. 

The inventors of this invention contemplated to isolate useful substances, which do not have un- 
desirable side effects (e.g. antigenicity) and which have heat-resistance as well as potent antimicrobial 
activity, from nature at a reasonable cost, and found the fact that hydrolysates of lactoferrin obtainable by 
acid or enzyme, hydrolysis of mammalian lactoferrin, apo-lactoferrin, and/or metal chelated lactoferrin 

35 (hereinafter they are referred to as lactoferrins) have more potent heat-resistance and antimicrobial activity 
than unhydrolyzed lactofenins, for which a patent application has been filed (Japanese Patent Application 
No. Heisei 3(1 991 yi 71 736). 

Furthenmore. the inventors of this invention previously found a number of peptides, originated from the 
lactoferrins. which do not have side effects (e.g. antigenicity), and which have heat-resistance as well as a 

40 potent antimicrobial activity, e.g. antimicrobial peptides having 20 amino acid residues (Japanese Patent 
Application No. Heisei 3(1991) 186260), antimicrobial peptides having 11 amino acid residues (Japanese 
Patent Application No. Heisei 3(1991) 48196). antimicrobial peptides having 6 amino acid residues 
(Japanese Patent Application No. Heisei 3(1991)-94492). antimicrobial peptides having 5 amino acid 
residues (Japanese Patent Application No. Heisei 39(1 991 )-94493). and antimicrobial peptides having 3-6 

45 amino acid residues (Japanese Patent Application No. Heisei 3(1991)-94494), for which patent applications 
have been filed. 

Heretofore, various studies have been made to potentiate the antimicrobial activity of lactoferrin, and 
IgA arid glycopeptides are known as the auxiliary agents for potentiating such a physiological activity. There 
are many reports in this respect, for example, a method for potentiation of the antimicrobial activity of 

50 lactoferrin by coexistence of lysozyme therewith (Japanese Unexamined Patent Application Gazette No. 62- 
(1987)-249931). a method for potentiation of antimicrobial activity of lactofen-in by coexistence of secretory 
IgA therewith (Stephens, S. et al.: Immunology; Vol. 41, Page 597. 1980) and so on. Furthermore, Spick et 
al. report that lactoferrin has an activity to inhibit bacteria from adhering onto mucous membrane, and that 
this activity is potentiated by coexistence of lysozyme or glycopeptides (Edit, by William, A.F. and Baum. 

55 J.D.: "Human Milk Banking", Nestle Nutrition Workshop Series, Vol. 5. Page 133, Pub. by Raven Press 
Books. Ltd.). 

The efficasy of combined use of lactoferrin and antibiotics has been also studied, and cephem 
antibiotics (Miyazaki, 8. et al.: Chemotherapy, Vol. 39, Page 829, 1991). lactum antibiotics (Japanese 
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Unexamined Patent Application Gazette No. Heisei 1-319463), and the like are known as the antibiotics 
which may potentate antimicrobial activity upon the combined use with lactoterrin. 

However, there have been no study about the efficacy of combined use of lactoferrin hydrolysate or 
antimicrobial peptides derived from lactoferrins and specific compounds and/or antibiotics, consequently 
s there have been no antimicrobial agents containing such substances as their effective ingredients. 
Furthermore, there has been no attempt to treat various matters such as foods, medicines and the like with 
such an agent. 

DISCLOSURE OF INVENTION 

70 

The present invention is made under the aforementioned background. Therefore, it is an object of the 
present invention to provide antimicrobial agents which have potentiated antimicrobial activity by combined 
use of lactoferrin hydrolysate and/or (actoferrin-derived antimicrobial peptides, which are previously invented 
by the inventors, and specific compounds and/or antibiotics. 

75 In order to realize the object, this invention provides antimicrobial agents which include as the effective 
ingredients: (A) lactoferrin hydrolysate, one or more of antimicrobial peptides derived from lactoferrins; and 
(B) one or more compounds selected from the group consistinig of metal-chelating protein, tocopherol, 
cyclodextrin, glycerin fatty acid ester, alcohol, EDTA or a salt thereof, ascorbic acid or a salt thereof, citric 
acid or a salt thereof, polyphosphoric acid or a salt thereof, chitosan, cysteine, and cholic acid. 

20 This invention also provides; antimicrobial agents which include, as the effective ingredients, (A) 
lactoferrin hydrolysate, one or more of antimicrobial peptides derived from iactofenrins, and (C) an antibiotic; 
and antimicrobial agents which include, as the effective ingredients, (A) one or more of antimicrobial 
peptides derived from lactoferrins, (C) an antibiotic, and (B) one or more compounds selected from the 
group consisting of metal-chelating protein, lysozyme. decomposed casein, tocopherol, cyclodextrin. glyc- 

25 erin-fatty acid ester, alcohol, EDTA or a salt thereof, ascorbic acid or a salt thereof, citric acid or a salt 
thereof, polyphosphoric add or a salt thereof, chitosan, cysteine, and cholic acid. 

Furtiiermore, this invention also provides a method for treating products with either one of said 
antirintcrobial agents; ' 

30 BEST MODE FOR CARRYING OUT The INVENTION 

In the present invention, the term "lactoferrins" includes: lactoferrin on the market; lactoferrin isolated 
from mammalian (humans, cows, sheep, goats, horses and the like) milk such as colostrum, transitional 
. milk, matured milk, milk in later lactation, and the like or processed products thereof such as skim milk and 

35 whey by any conventional method (e.g. ion-exchange chromatography); apo lactoferrin obtainable by de- 
ironization of lactoferrin with hydrochloric acid, citric acid, and the like; metal-saturated or partially metal- 
saturated lactoferrin obtainable by chelation of apo-lactyoferrin with a metal such as iron, copper, zinc, 
manganese, and the like. Lactoferrins purchased in the market or prepared in accordance with any known 
method can be used for preparation of the antimicrobial peptides. 

40 The lactoferrin hydrolysate used in the present invention can be obtained by hydrolysing the above- 
mentind lactoferrins with acid or enzyme, and for example, can be obtained by a method described in the 
specification of Japanese Patent Application No. 171736/91. In case in which lactoferrin hydrolysate is 
obtained using an aicid, the lactoferrin is dissolved in water, after which an inorganic acid or an organic acid 
is added to the solution, and is hydrolyzed by heating the solution at a given tempatature and for a dulation. 

45 In the case in which the lactoferrin hydrolysate is obtained using an enzyme, the lactoferrin Is hydrolyzed 
by adjusting the pH of the lactoferrin solution apploximately to the optimal pH of the enzyme used, adding 
an enzyme such as pepsin or trypsin and maintaining the solution at a given temparature for a duiation, and 
then the enzyme is inactivate by a coniventional method, the hydrolysate obtained by kydrolysis using acid 
or enzyme is a mixture of antimicrobial peptide having vaious molecular weinght. A degree of decomposion 

so by the above -mentioned hydrolysis is desirablly 6- 20%, for which the degree is calculated with the 
following formula in which the total nitrogen of samipe was measured by Kjeldahl metiiod and formol 
nitrogen was measured by Foimol titration method: 

Decomposltin degree = (Formol nitrogen / Total nitrogen ) x 100. 

55 

In the tielow description, value of percentage except for th-ir decomposition degree is by weight. 
The reaction liquid (i.e., solution of lactoferri hydrolysate) obtained by the hydrolysis using an acid or an 
enzyme is cooled in by conventional methods and neutralized, desalted or decolorized, as needed. 
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Furthermore, the solusion is fracuated by convention! methods, as needed, and then thus obtained 
hydrolysate is mixed with a specific compound and/or antibiotic in a lorn of a solution so obtained, a 
concentrated liquid, or a dried powder. 

In the present invention, the term "antimicrobial peptides derived from lactoferrins" includes; an- 

5 timicrobial peptides obtainable by isolation from the decomposition product (hydrolysate) of lactoferrins; 
antimicrobial peptides having chemical structures (amino acid sequences) which are the same or homolo- 
gous to those of said antimicrobial peptide obtained from said decomposition products of lactoferrins; 
antimicrobial peptide derivatives having chemical structures (amino acid sequences) which are the same or 
homologous to those of said antimicrobial peptides obtained from said decomposition products of lactofer- 

10 rins; and a mixture comprising any of the foregoing antimicrobial peptides or derivatives thereof. 

These antimicrobial peptides derived from lactoferrins are obtainable by the methods disclosed in 
Japanese Patent Applications Nos. Heisei 3(1 991 )-1 86260. Heiset 3(1991)-48196, Heisel 3(1991)-94492, 
Heisei 3(1991) 94493, and Heisei 3(1 991 )-94494. For example, antimicrobial peptides can be obtained; by a 
method wherein lactoferrins are subjected to acid hydrolysis or enzymatic hydrolysis, then fractions 

75 containing antimicrobial peptides are collected from the resultant peptides mixture by suitable separation 
means such as liquid phase chromatography and the like; by a method wherein the amino acids sequences 
of the antimicrobial peptides obtained In the manner as mentioned above are determined by a known 
method (e.g. vapor phase sequencer), then synthesize the peptides by a known method (e.g. peptide 
synthesizer); or by any other known methods. These antimicrobial peptides derived from lactoferrins 

20 include: antimicrobial peptides having following amino acid sequences of Sequence Nos. 1. 2. and 27 or 
derivatives thereof (Japanese Patent Application No. Heisei 3(1991 )-481 96); antimicrobial peptides of 
Sequence Nos. 3. 4. 5. and 6 or derivatives thereof (Japanese Patent Application No. Heisei 3(1991)- 
94492); antimicrobial peptides of Sequence Nos. 7, 8, 9. and 31 or derivatives thereof (Japanese Patent 
Application No. Heisei 3(1991)-94493); antimicrobial peptides of Sequence Nos. 10, 11. 12, 13, 14. 15, 16. 

25 17. 18. 19. 20, and 21 or derivatives thereof (Japanese Patent Application No. Heisei 3(991 )-94494); and 
antimicrobial peptides of Sequence Nos. 22. 23. 24. 25. 26. 28. 29. and 30 or derivatives thereof (Japanese 
Patent Application No. Heisei 3(1 991 )-1 86260). 

These antimicrobial peptides can be mixed as it is. or in a form of solution, concentrated liquid, or dried 
r>owder with one or more compounds and/or one or more antibiotics specified hereunder. 

30 The specific compounds which can be mixed with said lactoferrin hydrolysate and/or said arrtimicrobial 
peptides derived from lactoferrins are: metal chelating protein, tocopherol, cyclodextrin, glycerin-fatty acid 
ester, alcohol, EDTA or a salt thereof, ascorbic acid or a salt thereof, citric acid or a salt thereof, 
polyphosphoric acid or a salt thereof, chitosan, cysteine, cholic acid, and a mixture of two or more of the 
compounds enumerated above. The specific compounds enumerated can be purchased in the market, or 

05 alternatively can be prepared by any known methods. 

The metal-chelating proteins include proteins which may produce a chelate compounds by coordination 
with metal ions, and some of which can be enumerated, for example, lactoferrin, transferrin, conalbumin, 
casein phosphopeptides, and the like. 

a cyclodextrin, 0 -cyclodextrin. y -cyclodextrin, 5 -cyclodextrin, and alkyl-derivatives thereof (branching 

40 cyclodextrin) can be enumerated as the examples of cyclodextrin. 

The glycerin-fatty acid ester and derivertives thereof include ester made from fatty acid, and glycerin 
and/or polyglycerin. 

The alcohol Include mono-, di-, tri-, and poly-aliphatic alcohol, for example, ethanol, propyleneglycol, 
glycerol and the like can be enumerated. 

45 It can be properly selected which of lactoferrin hydrolysate and/or antimicrobial peptides and which of 
the specific compounds (metal-chelating protein, tocopherol, cyclodextrin. glycerin-fatty acid ester, alcohol, 
EDTA or a salt thereof, ascorbic acid or a salt thereof, citric acid or a salt thereof, polyphosphoric acid or a 
salt thereof, chitosan, cysteine, cholic acid, or a mixture of two or more compounds enumerated above) 
should be assorted in an agent, paying consideration to the use of the agent. A ratio for assortment of 

50 ingredients in a antimicrobial agent is property determined, paying consideration to the kinds of ingredients 
selected and the use of the agent. In assortment, each of the Ingredients can be mixed in a liquid or powder 
form, where any known diluents and/or excipients can be admixed as occasion demands. 

Antibiotics which can be mixed with the lactoferrin hydrolysate and/or the antimicrobial peptides in 
another embodiment of this invention Include penicillin, semisynthetic penicillin, cephem antibiotic, car- 

55 bapenem antibiotics, monobactam antibiotics, aminoglycoside antibiotics, peptide antibiotics, tetracycline 
antibiotics, chloramphenicol, macrolide antibiotics, rifamycin, vancomycin, fosfomycin, chemically syn- 
thesized antimicrobial agent, antituberculosis drug, and polymyxin B. These antibiotics can be purchased in 
the market, or alternatively can be prepared in accordance with any known methods. 
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In a further embodiment of the antimicrobial agent in this invention, specific compounds can be added 
to the mixture of the antimicrobial peptides and one or more antibiotics, and they are metal-chelating 
protein, lysozyme, decomposed casein, tocopherol, cyclodextrin, glycerin-fatty acid ester, alcohol, EDTA or 
a salt thereof, ascorbic acid or a salt thereof, citric acid or a salt thereof, polyphosphoric acid or a salt 

5 thereof, chitosan, cysteine, cholic acid, and a mixture or two or more compounds enumerated above. The 
compounds referred immediately above are completely the same to those used in the aforementioned 
embodiment except that lysozyme and decomposed casein are further included. Lysozyme and de- 
composed casein can be purchased in the market or can be prepared in accordance with any known 
method. Decomposed casein, for example, is a mixture of decomposed elements of casein derived from 

10 bovine milk which are hydrolysed by protease or alkaline, or a specifically fractionated elements of the 
decmposed casein. In particurally, a mixture of peptides (and amino acid) having average molecular weight 
of about 380 ranging at least 75 to less than 1000 is desirable. 

It can be properly selected: which of lactoferrin hydrolysate and/or antimicrobial peptides derived from 
lactoferrins and which of antibiotics are to be assorted in an agent; and which of the optional mixtures of the 

IS antimicrobial peptides and the antibiotics and which of the specific compounds (metal-chelating protein, 
lysozyme, decomposed casein, tocopherol, cyclodextrin, glycerin-fatty acid ester, alcohol, EDTA or a salt 
thereof, ascorbic acid or a salt thereof, citric acid or a salt thereof, polyphosphoric acid or a salt thereof, 
chitosan, cysteine, cholic acid, and a mixture of two or more of compounds selected therefrom) are to be 
mixed in an agent, paying consideration to the use of the agent. A ratio for assortment of ingredients in an 

20 antimicrobial agent is properiy selected, paying consideration to the kinds of selected ingredients and the 
use of the agent. In assortment, each of the ingredients can he mixed in a form of liquid or powder, where 
any known diluents end/or excipients can be admixed as the occasion demands; 

The antimicrobial agents in accordance with this invention exhibit potent antimicrobial activity against 
bacteria, yeast and fungi, thus they can be used not only as medicines or drugs, but also as additives for 

25 any products such as foods and non-medical products which are taken into the bpdies of humans or other 
animals, or which are applied onto or contacted with the body surface of humans or other animals,, and for 
any otherproducts which are generally desired to be prevented or inhibited from prolification of microorgan- 
isms therein. Moreover, the antimicrobial agents of this invention can be used for treatment of any products 
or materials therefor. More particularly, the antimicrobial agents of this invention can be used in such a 

30 manner that: it is orally administered as it is to humans or other animals; |t is added to, assorted to, sprayed 
to. adhered to, coated onto or impregnated into any products such as drugs (e.g. eye lotion, anti-mammititis 
drug, anti-diarrheals, epidermic agent against athlete's foot, and the like), non-medical pharmaceutical 
products (e.g. mouth-washing products, sweat suppressant, hair tonic, and the like), cosmetics (e.g. hair 
liquid, creams, emulsions, and the like), dentifrices (e.g. tooth paste, tooth brushes, and the like), various 

35 feminine hygienic products, various products for babies (e.g. diaper, and the like), various geriatric products 
. (e.g. denture cement, diaper, and the like), various detergents (e.g. toilet soaps, medicinal soaps, shampoo, 
rinse, laundry detergents, kitchen detergents, house detergents, and the like), various sterilized products 
(e.g. disinfectant-impregnated paper for kitchen, disinfectant-impregnated paper for toilet, and the like), 
feedstuff (e.g. feed for domestic animals and pets, and the like), materials therefor, as well as any other 
. 40 products which are desired to be sterilized or prevented from microbial pollution. The antimicrobial agents 
can be used for treatment of any matters which are generally desired to be prevented or inhibited from 
prolification of microorganisms. 

As will be apparent from the tests described hereinafter, it is worthy of special mention that the 
antimicrobial agents of this invention exhibit remarkable antimicrobial activity against microorganisms, which 

45 are resistant to most of antibiotics, thus single use of the antibiotic is not effective and which causes the 
problem of Hospital Infection, for example, Methicilin-resistant Staphylococcus aureus. 

Now, the present invention will be explained in further detail by way of some exemplifying tests. 

(I) TESTS FOR ANTIMICROBIAL AGENTS CONTAINING LACTOFERRIN HYDROLYSATE AND/OR AN- 
50 TIMICROBIAL PEPTIDES DERIVED FROM LACTOFERRIN, AND SPECIFIED COMPOUNDS AS THE 
EFFECTIVE INGREDIENTS THEREOF 

Rrstly, preparation of samples and methods which are commonly used in the following tests will be 
described. 

55 . • • ... 
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1 . Preparation of Samples 

( 1 ) Lactoferrin Hydrolysate (Powder) 

® Lactoferrin Hydrolysate 1 prepared In accordance with the method stated in Exannple 1 (infra) was 
5 used. 

<2) Lactoferrin hydrolysate 2 prepared In accordance with the method stated in Example 2 (infra) was 
used. 

(2) Antimicrobial Peptide (Powder) 

® The peptide (Sequence Number 26) prepared in accordance with the method stated in Example 3 
10 (Infra) was used. . . 

(2) The peptide (Sequence Number 27) prepared in accordance with the method stated in Example 4 
<infra) was used. 

(3) Lactoferrin: Bovine lactoferrin on the market (by Sigma Company) was used, 

(4) Caseinphosphopeptide: Caseinphosphopeptide prepared in accordance with the known method (the 
15 method referred in Japanese Unexamined Patent Application Gazette No. 59-159792) was used. 

i5} Tocopherol: A commercial product (by Wakoh Junyaku Kohgyoh Company) was used. 

(6) fS -Cyclodextrin: A commercial product (Nippon Shokuhin Kakoh Company) was used. 

♦ 7) l-Monocapryloyl-rac-Glycerol: A commercial product (by Sigma Company) was used. 

< 8) Ethyl Alcohol: 99.5% ethyl alcohol on the market (by Nakaraitesk Company) was used. 
20 i9) Glycerol- A commercial product (by Nakaraitesk Company) was used. 

. ilO» Prnpylon Glycol: A commercial product (by Wakoh Junyaku Kohgyoh Company) was used. 

Ill) FOTA • Na2: A commercial product (by Wakoh Junyaku Kohgyoh Company) was used. 

n2) Ascorbic Acid: A commercial product (by Kantoh Kagaku Company) was used. 

(13) Citric Acid: A commercial product (by Nakaraitesk Company) was used. 
25 M4) Poiyphosphoric Acid: A commercial product (by Merck Company) was used. 

415) Chitosan: A commercial product (by Nakaraitesk Company) was used. The product was dissolved in 

a weak solution of acetic acid. . 

(16) L*Cysteine: A commercial product (by Sigma Company) was used. Aqueous solution or the product 
was sterilized by filtaration. 
30 . (17) Polyethylene Glycol #2000: A commercial product (by Nakaraitesk Company) was used. 

(18) Glycerin-Fatty Acid Ester: 

® 1-monolauryl-rac-glycerol: A commercial product (by Sigma Company) was used. 
<D 1 -monomyristoyl-rac-Glycerol: A commercial product (by Sigma Company) was used. 

(3) 1-monostearoyl-rac-glycerol: A commercial product (by Sigma Company) was used. 
35 Either one was used in a form of an aqueous suspension. . 

(19) Cholic Acid: A commercial product (by Wakoh Junyaku Kohgyoh Company) was used in an 
aqueous suspension. 

2, Method 

40 

(1 ) Preparation of Preculture of Staphylococcus: 

From the preservation slant of Staphylococcus aureus (JCM-2151), a loop of the bacterial strain was 
taken out and spread onto standard agar culture medium (by Eiken Kagaku Company) then cultivated for 16 
45 hours at 37 •C. The colonies grown on the culture medium were scraped by a platinum loop and cultivated 
in 1% peptone (by Difco Company) culture medium for several hours at 37 -C, and the resultant microbial 
culture at logarithmic phase was used as the preculture in a serial concentration of 3 x 10^ /ml. 

(2) Preparation of Basal Medium (Cow's Milk Medium): 

50' 

A quantity of commercial cow's milk was diluted 2-fold with distilled water, the resultant liquid was 
sterilized at 115 • C for 15 minutes, to thereby obtain the basal medium. 



55 
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(3) Preparation of Test and Control Media: 
(3-1 ) Preparation of Test IVIedia 

5 Aqueous solutions of the samples of lactoferrin hydrolysates (sample (1), in Preparation of Samples, 

supra), the samples of antimicrobial peptides (sample (2), supra), and the samples of compounds (3), (4), 
(6), (11), (12), (13), and (16) (in Preparation of Samples, supra) were respectively dealt with sterilization 
filters (by Advantec Company). A quantity of the resultant solutions of the samples were selectively mixed 
with a quantity of the basal medium, thereby test media for the respective tests were prepared in the 

70 combinations and eventual concentrations as specified in the respective tests. 

Utilizing the samples (5), (7), (8), (9). (10). (14). (15). (17). (18) and (19), test media were prepared in the 
same manner as in the preparation of the test media containing sample (3) and the like, except that the 
aqueous solution (in the cases of samples (5) and (7). aqueous suspensions) were not dealt with sterilization 
filters. 

76 

(3-2) Preparation of Control Medium 1 

A quantity of commercial cow's milk was diluted 2-foId with distilled water, the resultant liquid was 
sterilized at 115 'C for 15 minutes, thereby control medium 1 was obtained. 

20 

(3-3) Preparation of CJontrol Media 2 

Aqueous solutions of the samples of the compounds (3). (4). (6), (11), (12), (13), and (16) referred in 
Preparation of Samples were respectively sterilized with filters (by Advantec Company), a quantity of the 
25 resultant solutions of the samples were selectively mixed with a quantity of the basal medium so that 
control media 2 were prepared in the combination of samples and in the concentrations corresponding to 

those in the test media. 

Utilizing the samples of the compounds (5). (7). (8). (9), (10), (14). (15). (17), (18) and (19) (in 
Preparation of Samples, supra), control media 2 were prepared in the same manner as in the preparation of 
30 the control control media 1 containing samples (3) and the like, except that aqueous solutions (in the cases 
of the samples (5) and (7), aqueous suspensions) were not sterilized with filters. 

(4) Viability Assay 

35 To 2ml aliquots of test media prepared in (3-1) (supra), 20ml aliquots of the preculture of Stephylococ- 
cus aureus prepared in (1) (2. Method, supra) were added, then incubated at 37 'C for 1 hour, 200 u! 
aliquots of the resultant cultures were taken out and diluted with 1% peptone solution in a series of 10" 
respectively, 110 ul aliquots of the resultant dilution series were spread onto plates of standard agar culture 
medium, and after incubation at 37 'C for 24 hours the number of colonies grown on the plates were 

40 counted (Test Colony Count). 

Control coloney counts 1 were determined in the same manner as in the determination of the test 
coloney counts, except that 20ml aliquots of the preculture of Staphylococcus aureus prepared in (1) (2. 
Method, supra) were added to 2ml aliquots of the respective control media 1 prepared in (3-2) (supra). 
Furthernnore, control coloney counts 2 were detennnined in the same manner as in the determination of the 

45 test coloney counts, except that 20ml aliquots of the preculture of Staphylococcus aureus prepared in (1) 
(supra) were added to 2ml aliquots of the respective control media 1 prepared in (3-2) (supra). 
Survival rates were calculated in accordance with the following formula. 

Survival rate 1 - (Test Colony Count/Control Colony Count 1) x 100 
50 Survival rate 2 = (Control Colony Count 2/Test Colony Count 1) x 100 

(Note: In the tables shown hereinafter, vulues of survival rate 2 are indicated in the row where the 
concentration of antimicrobial peptide or lactoferrin hydrolysate is 0.) 

55 Test 1 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
(Sequence No. 26, infra) of (2)-® in Preparation of Samples (supra) were adjusted to Omg. 0.5mg, Img, 
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and 2mg pre ml, and those of the lactoferrin of (3) were adjusted to Omg. 0.1 mg, 1mg, and lOmg per ml 
respectively. 

The results are shown in Table 1. As will be apparent from Table 1, it is confirmed that the coexistence 
of lactoferrin augments the antimicrobial activity of the peptide. On the other hand, in the case wherein 
.antimicrobial peptide was not added, but lactoferrin was added, no antimicrobial activity was observed. 
Therefore, it is apparent that the augmentation of antimicrobial activity is resulted from potentiation due to 
coexistence of the antimicrobial peptide and the lactoferrin. In addition, similar assays were made with 
respect to antimicrobial peptides other than that specified above and lactoferrin hydrolysates, thereby it is 
confirmed that antimicrobial activity was potentiated by the coexistence of lactoferrin. 

Table 1 



concentration of lactoferrin (mg/ml) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


83 


15 


3,5 


0.1 


150 


60 


7.1 


2.2 


1 


150 


43 


5.0 


1.8 


10 


104 


8.3 


0.3 


0.1 



Test 2 

Viability assay has made in such a manner that the even^al concentrations in serial dilution of the 
antirnicrobial peptide of (2)-® in Preparation of Samples (supra) were adjusted to Omg, 0.5mg, Img, and 
2mg per ml. and those of the easel nphosphopeptide of (4) were adjusted to Omg, 1mg. 1 0mg, and 20mg 
per ml respectively. 

The results are shown in Table 2. As will be apparent from Table 2, it is confirmed that the presence of 
caseinphosphopeptide augments the antimicrobial activity of the peptide. On the other hand, in the case 
wherein antimicrobial peptide was not added, but caseinphosphopeptide was added, no antimicrobial 
activity was observed. Therefore, it is apparent that the augmentation of antimicrobial activity is resulted 
from potentiation due to coexistence of the antimicrobial peptide and the caseinphosphopeptide. in addition, 
similar assays were made utilizing antimicrobial peptides other than that specified above and lactoferrin 
hydrolysates, thereby it is confirmed that antimicrobial activity was potentiated by the coexistence of 
caseinphosphopeptide. 

Table 2 



concentration of 
caseinphosphopeptide (mg/mi) 


survival rate 


concentration of antimicrobial peptide 


(mg/ml) 


0 


0.5 


1 


2 


0 


100 


69 


15 


4.6 


1 


132 


34 


3.5 


1.4 


10 


129 


14 


1.9 


0.5 


20 


150 


10 


0.7 


0.2 



Test 3 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
of (2)-® in Preparation of Samples (supra) were adjusted to Omg, 0.5mg, Img, and 2mg pre ml, and those 
of the tocopherol of (5) (supra) were adjusted to Omg, 0.1 mg, 0.5mg, and Img per ml respectively. 
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The results are shown in Table 3. As will be apparent from Table 3, it is confirmed that the presence of 
tocopherol augments the antimicrobial activity of the peptide. On the other hand, in the case wherein 
antimicrobial peptide was not added, but tocopherol was added, no antimicrobial activity was observed. 
Therefore, It is apparent that the augmentation of antimicrobial activity is resulted from potentiation due to 
5 coexistence of the antimicrobial peptide and the tocopherol. In addition, similar assays were made utilizing 
antimicrobial peptides other than that specified above and lactoferrin hydrolysates, thereby it is confirmed 
that antimicrobial activity was potentiated by the coexistence of the tocopherol. 

Tables 

TO 



concentration of 
tocopherol (mg/ml) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


77 


35 


12 


0.1 


101 


33 


15 


5.2 


0.5 


113 


14 


6-3 


2.4 


1 


112 


7.9 


3.5 


0,9 



Test 4 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
of (2)-0 in Preparation of Samples (supra) were adjusted to Omg, 0.5mg, Img. and 2mg pre nil, and those 
of the fi -cyclodextrin of (6) were, adjusted to Omg, 0.1 mg, Img, and 2.5mg per ml respectively. 

The results are shown In Table 4. As will be apparent from Table 4, It is confirmed that the presence of 
the i3 cyclodextrin augments the antimicrobial activity of the peptide. On the other hand, in the case wherein 
the antimicrobial peptide was not added, but the -cyclodextrin was added, no antimicrobial activity was 
observed. Therefore, it is apparent that the augmentation of antimicrobial activity is resulted from poten- 
tiation due to coexistence of the antimicrobial peptide and the fi -cyclodextrin. In addition, similar assays 
were made with respect to antimicrobial peptides other than that specified above and lactoferrin 
hydrolysates^ thereby It is confirmed that antimicrobial activity was potentiated by the coexistence of the fi - 
cyclodextrin. 

Table 4 



45 



concentration of 0 
-cyclodextrin (mg/ml) 


survival rate 


concentration of antinriicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


45 


17 


8.9 


0.1 


100 


38 


22 


6.4 


1 


109 


11 


3.6 


1.4 


2.5 


88 


2.5 


1.1 


0.2 



Test 5 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
55 of (2)-® in Preparation of Samples (supra) were adjusted to Omg. 0.5mg, Img, and 2mg pre ml. and those 
of the monocapryloyl-glycero! of (7) were adjusted to Omg, 0.5mg. Img, and 2mg per ml respectively. 

The results are shown in Table 5. As will be apparent from Table 5. itis confirmed that the coexistence 
of monocapryloyl-glycerol augments theantimicrobial activity of the peptide. On the other hand, in the case 
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wherein said antimicrobial peptide were not added, but nnonocapryloyl-glycerol was added, no antimicrobial 
activity was observed. It is apparent that the augmentation of antimicrobial activity is resulted from 
potentiation due to the coexistence of the antimicrobial peptide and the monocapryloyl-glycerol, since~the 
potentiation of the antimicrobial activity was far stronger in the case wherein the antimicrobial peptid 
coexisted with 2 mg/ml of the monocapryloyl-glycerol than in the cases wherein monocapryloyl-glycerol 
(2mg/ml) alone or antimicrobial peptide (in all concentrations in . the serial dilution) alone was included. In 
addition, similar essays were made utilizing antimicrobial peptides other than that specified above and 
lactoferrin hydrolysates, thereby it is confirmed that antimicrobial activity was potentiated by the coexis- 
tence of monocapryloyl-glycerol. 

Table 5 



concentration of 
monocapryloyl-glycerol (mg/mi) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


79 


38 


9.5 


0.5 


103 


81 


40 


7.3 


1 


115 


18 


6.0 


1.5 


2 


35 


0,1 


0.03 


0.01 



Teste 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
of (2)-® in Preparation of Samples (supra) were adjusted to Omg. 0.5mg, Img, and 2mg pre ml, and those 
of the ethyl alcohol of (8) (supra) were adjusted to Omg, Img, lOmg, and 20mg per ml respectively. 

The results are shown in Table 6. As will be apparent from Table 6. it is confirmed that the ethyl alcohol 
in a low concentration potentiates the antimicrobial activity of the peptide. On the other hand, in the case 
wherein the antimicrobial peptide was not added, but the ethyl alcohol was added, no antimicrobial activity 
was observed. Therefore, it is apparent that the augmentation of antimicrobial activity is resulted from 
potentiation due to coexistence of the antimicrobial peptide and the ethyl alcohol. In additiorr, similar assays 
were made utilizing antimicrobial peptides other than that specified above and lactoferrin hydrolysates, 
thereby it is confirmed that antimicrobial activity was potentiated by the coexistence of the ethyl alcohol. 

Table 6 



concentration of ethyl 
alcohol (mg/ml) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


72 


5.9 


1.9 


1 


159 


50 


0.2 


0.5 


10 


118 


20 


0.7 


0.2 


20 


155 


11 


0.9 


0.1 



Test 7 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
of (2)-® in Preparation of Samples (supra) were adjusted to Omg. O.Smg, Img. and 2mg pre ml, and those 
of the glycerol of (9) were adjusted to Omg, Img, lOmg, and 20mg per ml respectively. 
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The results are shown In Table 7. As will be apparent from Table 7, It is confirmed that the coexistence 
of glycerol augments the antimicrobial activity of the peptide. On the other hand, in the case wherein the 
antimicrobial peptide was not added, but the glycerol was added, no antimicrobial activity was observed. 
Therefore, it is apparent that the augmentation of antimicrobial activity is resulted from potentiation due to 
5 coexistence of the antimicrobial peptide and the glycerol. In addition, similar assays were made utilizing 
antimicrobial peptides other than that specified above and lactofenin hydrolysates, thereby it is confirmed 
that antimicrobial activity was potentiated by the coexistence of glycerol. 

Table 7 

10 . 



concentration of 
glycerol (mg/ml) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


85 


35 


7.2 


1 


100 


9.1 


1.6 


0.7 


10 


116 


4.5 


2.5 


0.9 


20 


123 


5-2 


1.7 


1.1 



Test 8 

Viability assay was made with adjusting the eventual concentration of antimicrobial peptide of (2)-® In 
Preparation of Samples (supra) to Omg, 0.5mg, i mg. and 2mg per ml. and those of the propylene glycerol 
of (10) to Omg, Img. lOmg. and . 20mg per ml respectively. . . 

The results are shown In table 8. As will be apparent from Table 8, It Is confirmed that propylene glycol 
augmented the antimicrobial activity of the peptide. On the other hand, in the case wherein the antimicrobial 
peptide was not added, but the propylene glycol was added, no antimicrobial activity was observed. 
Therefore, it is apparent that the augmentation of antimicrobial activity is resulted from potentiation due to 
coexistence of the antimicrobial peptide and the propylene glycol. In addition, similar essays were made 
utilizing antimicrobial peptides other than that specified above and lactoferrin hydrolysates, thereby it is 
confirmed that antimicrobial activity was potentiated by the coexistence of propylene glycol. 

Tables 



concentration of propylene 
glycol (mg/ml) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


61 


35 


20 


1 


82 


23 


5.5 


3.2 


10 


118 


9.8 


7.5 


1.5 


20 


118 


5.6 


5.2 


1.8 



50 

Tests 

Viability assay was made in such a manner that the eventual concentrations of the lactoferrin 
hydrolysate 1 of (1)-® in Preparation of Samples (supra) were adjusted to Omg, lOmg, 20mg, and 40mg 
55 per ml, and those of the EDTA • Na2 of (11) were adjusted to Omg, 0.1 mg, Img and 5mg per ml 
respectively. 

The results are shown in Table 9. As will be apparent from Table 9, it is confirmed that the EDTA • Naa 
augments the antimicrobial activity of the lactofemn hydrolysate. On the other hand, In the case wherein the 
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lactoferrin hydrolysate 1 was not added, but the EDTA • Na2 was added, no antimicrobial activity was 
observed. Tlierefore, it is apparent that the augnrientation of antimicrobial activity is resulted from poten- 
tiation due to coexistence of the lactoferrin hydrolysate 1 and the EDTA • Na2. In addition, similar essays 
were made substituting lactoferrin hydrolysate 1 with antimicrobial peptides, thereby it is confirmed that 
5 antimicrobial activity was potentiated by the coexistence of EDTA • Naa. 

Table 9 



concentration of EDTA • 
Na2 (mg/ml) 


survival rate 


concentration of lactoferrin hydrolysate 


(mg/ml) 


0 


10 


20 


40 


0 

0.1 

1 

5 


100 
122 
115 
101 


90 
48 
19 
4.5 


11 
5.2 
0.4 
0.2 


3.7 
1.8 
0.3 
0.1 



Test 10 

Viability assay was made in such a manner that the eventual concentrations of the lactoferrin 
hydrolysate 1 (1) ® in Preparation of Samples (supra) were adjusted to Omg, lOmg, 20mg, and 40mg per 
ml, and those of the ascorbic acid of (12) were adjusted to Omg, O.lmg, O.Smg and Img per ml 
respectively. 

The results are shown in Table 10. As will be apparent frbnn Table 10. it is confirmed that ascorbic acid 
augments the antimicrobial activity of ithe lactoferrin hydrolysate 1. On the other hand, in the case wherein 
the lactoferrin hydrolysate 1 was not added, but the ascorbic acid was added, no antimicrobial activity was 
observed. Therefore, it is apparent that the augmentation of the antimicrobial activity is resulted from 
potentiation due to coexistence of the lactoferrin hydrolysate 1 and the ascorbic acid. In addition, similar 
essays were made substituting the lactoferrin hydrolysate 1 with antimicrobial peptides, thereby it is 
confirmed that antimicrobial activity was potentiated by the coexistence of ascorbic acid. 

Table 10 



40 



45 



concentration of ascorbic 
acid (mg/ml) 


survival rate 


concentration of lactoferrin hydrolysate (mg/m!) 


0 


10 


20 


40 


0 


100 


85 


12 


5.5 


0.1 


122 


41 


11 


2.6 


0.5 


115 


15 


2.5 


0.8 


1 


132 


17 


0.8 


0.2 



so Test 11 

Viability assay was made in such a manner that the eventual concentrations of the lactoferrin 
hydrolysate 1 of (1)-® in Preparation of Samples (supra) were adjusted to Omg, lOmg, 20mg, and 40mg 
per ml, and those of the citric acid of (13) (supra) were adjusted to Omg, O.lmg. Img and 5mg per ml 
56 respectively. 

The results are shown in Table 11 . As will be apparent from Table 11, it is confirmed that the citric acid 
augments the antimicrobial activity of the lactoferrin hydrolysate 1 . On the other hand, in the case wherein 
the lactoferrin hydrolysate 1 was not added, but the ascorbic acid was added, no antimicrobial activity was 
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observed. Therefore. It is apparent that the augmentation of antimicrobial activity Is resulted from poten- 
tiation due to coexistence of the lactoferrin hydrolysate 1 and the citric acid. In addition, similar assays were 
made substituting the lactoferrin hydrolysate 1 with antimicrobial peptides, thereby It is confirmed that the 
antimicrobial activity was potentiated by the coexistence of citric acid. 

Table 11 



70 



concentration of citric 
acid (mg/ml) 


survival rate 


concentration of lactoferrin hydrolysate (mg/ml) 


0 


10 


20 


40 


0 


100 


75 


6,2 


2.0 


0.1 


148 


41 


2.8 


3.4 


1 


140 


28 


1.9 


1.1 


5 


130 


16 


0.8 


0.5 



20 



Test 12 



25 



30 



35 



Viability assay was made in such a manner that the eventual concentrations of the lactoferrin 
hydrolysate 1 of (1)-® in Preparation of Samples (supra) were adjusted to Omg, lOmg, 20mg, and 40mg 
per ml, and those of the polyphosphoric acid of (14) were adjusted to Omg, 0.1 mg, Img and 5mg per ml 
respectively. 

The results are shown in Table 12. As will be lapparent from Table 12. it is confirmed that the presence 
of polyphosphoric acid augments the antimicrobial actiyity of the lactoferrin hydrolysate 1. On the. other 
hand, in case wherein the lactoferrin hydrolysate 1 was not added, but the polyphosphoric acid was added, 
no antimicrobial activity was observed. Therefore, it is apparent that the augmentation of antimicrobial 
activity is resulted from potentiation due to coexistence of the lactoferrin hydrolysate 1 and the poly- 
phosphoric acid. In addition, similar assays were made substituting the lactoferrin hydrolysate 1 with 
antimicrobial peptides, thereby it is confirmed that antimicrobial activity was potentiated by the coexistence 
of polyphosphoric acid. 

Table 12 



40 



45 



concentration of polyphosphoric 
acid (mg/ml) 


survival rate 


concentration of lactoferrin hydrolysate (mg/ml) 


0 


10 


20 


40 


0 


100 


74 


8.2 


.2.2 


0.1 


140 


20 


1.1 


0.9 


1 


124 


15 


0.3 


1.3 


5 


111 


3.5 


0.4 


0.3 



50 Test 13 



Viability assay was made in such a manner that the eventual concentrations in serial dilution of the 
antimicrobial peptide (Sequence No. 27) of (2)-(D in Preparation of Samples (supra) were adjusted to Omg, 
0.5mg, Img, and 2mg per ml, and those of the chitosan of (15) were adjusted to Omg, 0.004mg, 0.02mg 
55 and 0.1 mg per ml respectively. 

The results are shown in Table 13. As will be apparent from Table 13, It is confirmed that the presence 
of the ascorbic acid augments the antimicrobial activity of the peptide. On the other hand, in the case 
wherein the antimicrobial peptide was not added, but chitosan was added, antimicrobial activity was low. 
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Therefore, it is apparent that the augmentation of antimicrobial activity is resulted from potentiation due to 
coexistence of the antimicrobial peptide and the chitosan. In addition, similar assays were made substituting 
the antimicrobial peptide with lactoferrin hydrolysates, thereby it is confirmed that antimicrobial activity was 
potentiated by the coexistence of chitosan. 

Table 13 



concentration of chitosan (mg/mi) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


100 


85 


21 


0,004 


108 


94 


8.5 


2.2 


0.02 


71 


41 


2.1 


0.4 


0.1 


5.2 


1.4 


0.2 


0.05 



Test 14 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
of (2)-® in Preparation of samples (supra) were adjusted to Omg, 0.5mg, img, and 2mg per ml. and those 
of the L-cysteine of (16) were adjusted to Omg, Img, 5mg and lOmg per ml respectively. 

The results are shown in Table 14. As will be apparent from Table 14, it is confirmed that the presence 
of the L-cysteine augments the antimicrobial activity of the peptide. On the other hand, in the case wherein 
the antimicrobial peptide vyas not added, but the L-cysteine was . added, antimicrobial activity was low. 
Therefore, it is apparent that the augmentation of antimicrobial activity Is resulted from potentiation due to 
coexistence of the antimicrobial peptide and the L-cysteine. In addition, similar assays were made 
substituting the antimicrobial peptide with lactoferrin hydrolysates, thereby it is confirmed that antimicrobial 
activity was potentiated by the coexistence of the L-cysteine. 

Table 14 



concentration of 
L-cysteine (mg/ml) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


78 


25 


15 


1 


37 


12 


2.3 


0.7 


5 


4.5 


2.1 


0.09 


0.03 


10 


0.3 


0.06 


0.02 


<0.004 



Test 15 

Viability assay was made in such a manner that thei eventual concentrations of the lactoferrin 
50 hydrolysate 2 of (I)-® in Preparation of Samples (supra) were adjusted to Omg, lOmg, 20mg, and 40mg 
per ml, and those of the polyethylene glycol #2000 of (17) were adjusted to Omg, lmg. lOmg, and 20mg 
per ml respectively. 

The results are shown in Table 15. As will be apparent from Table 15, it is confirmed that the 
polyethylene glycol #2000 augments the antimicrobial activity of the lactofenin hydrolysate 2. On the other 
55 hand, in the case wherein the lactoferrin hydrolysate 2 was not added, but the polyethylene glycol #2000 
was added, no antimicrobial activity was observed. Therefore, it is apparent that the augmentation of 
antimicrobial activity Is resulted from potentiation due to coexistence of the lactoferrin hydrolysate 2 and the 
polyethylene glycol #2000. In addition, similar assays were made substituting the lactoferrin hydrolysate 2 
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with antimicrobiat peptides, thereby It is confirmed that antimicrobial activity was potentiated by the 
coexistence of the polyethylene glycol #2000. 

Table 15 



concentration of polyethylene 
glycol #2000 (mg/ml) 


survival rate 


concentration of lactoferrin hydrolysate (mg/ml) 


0 


10 


20 


40 


0 


100 


42 


26 


11 


1 


69 


39 


20 


9.4 


10 


69 


34 


54 


5.5 


20 


62 


8.1 


2.3 


0.4 



Test 16 

Viability assay was made in such a manner that the eventual concentrations of the lactoferrin 
hydrolysate 1 of (1)-® in Preparation of Samples (supra) were adjusted to Omg, lOmg, 20mg, and 40mg 
per ml, and those of choiic acid of (19) (supra) were adjusted to Omg. Img, lOmg and 20mg per ml 
respectively. 

The results are shown in Table 16. As will be apparent from Table 16, it is confirmed that choiic acid 
augments the antimicrobiar activity of the lactoferrin hydrolysate 1. On the other hand, in case wherein the 
lactoferrin hydrolysate 1 was not added, but choiic acid was added, no antimicrobial activity was observed. 
Therefore, it Is apparent that the augmentation of the antimicrobial activity is resulted from potentiation due 
to coexistence of the lactoferrine hydrolysate and the choiic acid. In addition, similar assays were made, 
substituting lactoferrin hydrolysate with antimicrobial peptides, thereby it is confirmed that antimicrobial 
activity was potentiated by the coexistence of choiic acid. 

Table 16 



concentration of chotic 
acid (mg/ml) 


survival rate 


concentration of lactoferrin hydrolysate (mg/ml) 


0 


10 


20 


40 


0 


100 


13 


1.0 


0.8 


1 


too 


8.1 


0.4 


0.2 


10 


17 


0.9 


0.03 


0.01 


20 


18 . 


0.8 


0.03 


0.006 



Test 17 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
so (Sequence No. 26) of (2)-® (in Preparation of Samples, supra) were adjusted to Omg, 0.5mg, img, and 
2mg per ml, and those of 1-monolauroyl-rac-glycerol of (18) (supra) were adjusted to Omg, O.Smg, img, and 
2mg per ml respectively. 

The results are shown in Table .17. As will be apparent from Table 17, it is confirmed that 1- 
monolauroyl-rac-glycerol augments the antimicrobial activity of the antimicrobial peptide. On the other hand, 
55 in case wherein the antimicrobial peptide was not added, but 1-monolauroyl-rac*glycerol was added, almost 
no antimicrobial activity was observed. Therefore, it is apparent that the augmentation of antimicrobial 
activity is resulted from potentiation due to coexistence of the antimicrobial peptide and the 1-monolauroyl- 
rac-glycerol. In addition, similar assays were made, substituting antimicrobial peptide was substituted with 
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lactoferrin hydrolysate. thereby it Is confirmed that antimicrobial activity was potentiated by the coexistence 
of 1-monolauroyl-rac-glycerol. 

Table 17 



concentration of 
1 -nnonolauroyl-rac-glycerol (mg/nal) 


survival rate 


concentration of lactoferrin hydrolysate (nng/nril) 


0 


0.5 


1 


2 


0 


100 


102 


92 


41 


0.5 


104 


94 


77 


25 


1 


88 


73 


46 


12 


2 


50 


20 


2.3 


0.8 



10 



16 



20 



25 



30 



Testis 

Viability assay was made with adjusting the eventual concentrations of antimicrobial peptide of (2)-(3) - 
(In Preparation of Samples, supra) to Omg, O.Smg, 1mg. and 2mg per ml, and those of 1-monomyristoyl-rac- 
glycerol of (18) (supra) to Omg, 0.5mg, img and 2mg per ml respectively. 

The results are shown in Table 18. As will be apparent from Table 18, it is confirmed that the presence 
of the 1-monomyristoyl-rac-glycerol augmented the antimicrobial activity of the peptide. On the other hand. 
In the case wherein the antimicrobial peptide was not added, but 1-monomyristoyl-rac-glycerol was added, 
the antimicrobial activity is low. Therefore, it is apparent that the augmentation of antimicrobial activity is 
resulted from potentiation due to coexistence of the antimicrobial peptide and the 1-monomyristoyl-rac- 
glycerol. In addition, similar assays were made, substituting the antimicrobial peptides with lactoferrin 
hydrolysate, thereby it is coniRrmed that antimicrobial activity was potentiated by the coexistence of 1- 
monomyristoyl-rac-glycerol. 



35 



40 



45 



Table 18 



Test 19 



concentration of 
1-monomyrlstoyl-rac-glycerol (mg/ml) 


survival rate 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


85 


56 


23 


0.5 


129 


41 


11 


5.3 


1 


93 


13 


3.1 


1.2 


2 


7 


0.3 


0.04 


0.005 



Viability assay was made in such a manner that the eventual concentrations in serial dilution of the 
50 antimicrobial peptide of (2)-® (in Preparation of Samples) were adjusted to Omg, 0.5mg, Img, and 2mg per 
ml, and those of the 1-monostearoyl-rac glycerol of (18) (supra) were adjusted to Omg, 0.5mg. Img and 
2mg per ml respectively. 

The results are shown in Table 19. As will be apparent from Table 19, It is confirmed that the 1- 
monostearoyl-rac-glycerol augments the antimicrobial activity of the antimicrobial peptide. On the other 
55 hand, in the case wherein the antimicrobial peptide was not added, but 1-monostearoyl-rac-glycerol was 
added, no antimicrobial activity was observed. Therefore, ft Is apparent that the augmentation of an- 
timicrobial activity Is resulted from potentiation due to coexistence of the antimicrobial peptide and the 1- 
monostearoyhrac-glycerol. In addition, similar assays were made, substituting antimicrobial peptide with 
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lactoferrin hydrolysate, thereby It is confirmed that the antimicrobial activity was potentiated by the 
coexistence of 1-monostearoyl rac-glycerol. 

Table 19 



concentration of 
1-monostearoyl-rac-glycerol (mg/ml) 


survival rate (%) 


concentration of antimicrobial peptide (mg/ml) 


0 


0.5 


1 


2 


0 


100 


69 


43 


21 


0.5 


116 


74 


53 


18 


1 


133 


48 


19 


5.5 


2 


98 


25 


5.3 


1.7 



Test 20 

Viability assay was made In such a manner that the eventual concentrations of the antimicrobial peptide 
of (2)-® (in Preparation of Samples, supra) were adjusted to Omg and 1mg per ml, those of 1-monolauroyl- 
rac-glycerol of (18) (supra) were adjusted to Omg and 0.5mg per ml, those of the bovine, lactoferrin of (3) 
(supra) were adjusted to Omg, and Img per ml respectively. 

The results are shown in Table 20. As will be apparent from Table 20. it is confirmed that the presence 
of 1-monolauroyl-rac-glycerol and bovine lactoferrin further augments the antimicrobial activity of the 
antinriicrobial peptides. Furthermore, additional tests were made, substituted the antimicrobial peptide 
specified above with lactoferrin hydrolysate,. thereby it is confirmed that antimicrobial activity was poten- 
tiated. 



Table 20 



antimicrobial 


1-monolauroyl 


bovine lactoferrin 


survival rate (%) 


peptide (mg/ml) 


rac-glycerol (mg/ml) 


(mg/ml) 




.0 


0 


0 


100 


1 ■ 


0 


0 


76 


0 


0.5 


0 


87 


0 


0 


1 


105 


1 


0.5 


0 


2.1 


1 


0 


1 


63 


0 


0.5 


1 


66 


1 


0.5 . 


1 


0.06 



45 

Test 21 

Viability assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
of (2)- (J) (in Preparation of samples, supra) were adjusted to Omg and img per ml, and those of 1- 
50 monolauroyl-rac-glycerol of (18) (supra) were adjusted to Omg and 0.5mg, and those of chitosan of (15) 
(supra) were adjusted to Omg and 0.01 mg per ml respectively. 

The results are shown in Table 21. As will be apparent from Table 21, it is confirmed that the 
coexistence of 1-monolauroyl-rac-glycerol and chitosan further augments the antimicrobial activity of the 
peptide. On the other hand, similar assays were made, substituting the antimicrobial peptide with lactoferrin 
55 hydrolysate, thereby it is confirmed that antimicrobial activity was potentiated. 
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Table 21 



antimicrobial 


1-monoIauroyl 


chitosan (mg/ml) 


survival rate (%) 


peptide (mg/ml) 


rac-glycero! (mg/ml) 






0 


0 


0 


100 


1 


0 


0 


97 


0 


0.5 


0 


86 


0 


0 


0.01 


73 


1 


0.5 


0 


4.6 


1 


0 


0,01 


. 1.4 


0 


0.5 


0.01 


41 


1 


0.5 


0.01 


0.02 



'5 . 

Test 22 

Viabiiiiy assay was made in such a manner that the eventual concentrations of the antimicrobial peptide 
of (2)-0 (in Preparation of Samples, supra) were adjusted to Omg and Img per ml, those of the 1- 
monolauroyl-rac-glyceroi of (18) (supra) were adjusted to Omg and 0.5mg per ml, and those of the cholic 
acid bl ( 19) were adjusted to Omg and Img per ml respectively. 

I he results are shown in Table 22. As will be apparent from Table 22, it is confirmed that the 
coexistence ol the l-mono!auroyI-rac-glycerol and the cholic acid further augments the antimicrobial activity 
of the peptide. Moreover, similar assays were made, substituting the antimicrobial peptide with lactoferrin 
hydrolysate. thereby it is confirmed that antimicrobial activity was potentiated. 

Table 22 



antimicrobial 


1-monolauroyl 


cholic acid 


survival rate (%) 


peptide (mg/ml) 


rac-glycerol (mg/ml) 


(mg/ml) 




0 


0 


0 


100 


1 


0 


0 


72 


0 


0.5 


0 


58 


0 


0 


1 


92 


1 . 


0.5 


0 


0.2 


1 


0 


1 


30 


0 


0.5 


1 


0.6 


1 


0.5 


1 


0.03 



(II) TEST FOR ANTIMICROBIAL AGENTS CONTAINING LACTOFERRIN HYDROLYSATES AND/OR AN- 
TIMICROBIAL PEPTIDES DERIVED FROM LACTOFERRINS. AND ANTIBIOTICS OR ALTERNATIVELY 
45 ANTIBIOTICS AND SPECIFIC COMPOUNDS AS THE EFFECTIVE INGREDIENTS 

Firstly, preparation of samples and methods which are commonly used in the tests described hereunder 
will be described. 

50 1 . Preparation of Samples 

(1) Lactofenin hydrolysates (Powder) 

The product prepared in accordance with the method stated in Example 1 was used. 

55 

(2) Antimicrobial Peptide (Powder) 

The product prepared in accordance with the method stated in Example 4 was used. 
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(3) Antibiotics 

The antibiotics (comnnercial products) listed in Tables 23 and 27 were used. 
5 (4) Lactoferrin 

A commercial product of bovine lactoferrin (by Sigma Company) was used. 

(5) Lysbzyme 

A commercial product of egg white lysozyme (by Seikagaku Kohgyoh Company) was used. 

(6) 1-monocaproyl-rac-glycerol 

75 A commercial product of 1-monocaproyl-rac-glycerol (by Sigma Company) was used. 
2. ly/lethod 

(1) Preparation of Precultures of Test Microorganisms 

20 

Precultures of test microorganisms to be used in the tests described hereunder were prepared in such 
a manner that; from ttie frozen preservation of dispersions of test microorganisms, a loop of the respective 
strains of the microorganisms were taken out and spread onto TRI PETIT CASE SOYA AGAR MEDIA (by 
BBL Company), and incubated at 37 • C for 16 hours; the colonies grown on the culture media were scraped 
25 by a platinum loop and cultivated in 2.1% Mueller-Hington Broth (by Difco Company) respectively for 
several hours at 37 'C. The resultant microbial cultures at logarithmic phase in 3 x 10^ /ml of microbial 
concentration were used as the precultures. 

(2) Preparation of Test Media 

30 

The test media to be used in the respective tests were prepared in such a manner that; aqueous 
solutions in a predetermined concentration of the lactoferrin hydrolysates or the lactoferrin-derived an- 
timicrobial peptides of (1) and (2) in Preparation of Samples (supra), as well as the samples of antibiotics of 

(3) (supra) were respectively sterilized with filters (by Advantec Company); then a quantity of the resultant 
35 solutions of respective samples were selectively added to a quantity of basal medium (Mueller-Hington 

Broth) prepared in the eventual concentration of 2.1%, thereby combinations of the samples and their 
concentrations in the respective test media were adjusted as specified in the respective tests. 

(3) Test for Antimicrobial Activity 

40 

Antimicrobial activity was examined as follows: A quantity of the respective precultures prepared in (1) 
immediately above was diluted with 2.1% Mueller-Hington Broth to result in 2 .x 10^ /ml of microbial 
concentration; 100 ul aliquots of the resultant. liquid were added to 100 ul aliquots of one of the test media 
as specified in the respective test; the resultant media were incubated at 37 "C for 16 hours; then the 
45 turbidity of the resultant culture broths were measured thereby antimicrobial activity was examined. 

(4) Viabi lity Assay 

Survival rate was examined in such a manner that: 20 ii\ aliquots of the respective precultures prepared 
50 in (1) immediately above were added to 2ml aliquots of the respective test media prepared in paragraph (2) 
immediately above; the resultant media were incubated at 37 -C for an hour; 200 ul aliquots of the 
respective resultant culture broths were serially diluted In 10" with a 1% aqueous solution of peptone; 110 
ul aliquots of the resultant diluted solutions were spread onto broth agar plates; after incubation at 37 * C 
for 24 hours the number of colonys (test colony count) grown on the plates were counted. On the other 
55 hand control colony count was enumerated in the same manner as in the enumeration of test colony count 
except that 20 ul aliquots of the respective precultures were added to 21 aliquots of 2.1% Mueller-Hington 
broth; then survival rate was calculated in accordance with following formula: 
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Survival Rate = (test colony count/control colony count) x 1 00 
Test 23 

5 Components in the test and control media and eventual concentrations thereof were adjusted by 

properly combining Omg, 0.4mg. 1.6mg and 6.4mg/ml of lactoferrin hydrolysate of (1) (in Preparation of 
Samples* supra) or Oug, i6ug, 64ug. and 256iLig/ml of lactoferrin-derived antimicrobial peptides of (2) (in 
Preparation of Samples, supra), and 0 ug, 0.01 ug, 0.1 ug, lug. and lOug/ml of antibiotics of (3) (supra), 
then antimicrobial activity of the combined use of the components against Escherichia coli 0-111 and 

10 Staphylococcus aureus (JCM2151) as well as growth inhibiting concentrations of the antibiotics were 
investigated. 

The results are shown in Tables 23-26. As will be apparent from the tables, it was confirmed that the 
lactoferrin hydrolysates as well as the antimicrobial peptides potentiated the antimicrobial activity of the 
antibiotics. On the other hand, no antimicrobial activity was observed when no antibiotics were included, but 
75 either one of the lactoferrin hydrolysates or the antimicrobial peptides was included. Therefore, it is 
apparent that the augmentation of antimicrobial activity was resulted from potentiation due to coexistence of 
lactoferrin hydrolysates or antimicrobial peptides. 

In addition, similar assay was made, utilizing antimicrobial peptides other than that used In this test, it is 
confirmed that the antimicrobial activity of the antibiotics was potentiated by the coexistence thereof. 

20 

Table 23 



Test Microorganism: Escherichia coli 0-111 


antibiotics 


Growtii inhibiting Concentration of antibiotics (ug/ml) 


concentrations of lactoferrin hydrolysate (mg/ml) 


0 


0.4 


1.6 


6.4 


penicillin 


>1 


1 




0.1 


ampicillin 


>1 


1 




0.01 


cephalothin 


>1 


>1 




0.01 


erythromycin 


>1 


1 




0.1 


kanamycin 


>1 


>1 




0.1 


staphcillin 


>1 


>1 


>1 


0.1 


streptomycin 


>1 


>1 




0.01 


hostacyclin 


1 


1 




0.1 


gentamicin 


1 


1 


0.1 


0.1 


polymyxin B 


>1 


>1 


0.1 


0.01 


chloramphenicol 


>1 


>1 


>1 


0.1 



45 



SO 



55 
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Table 24 



Test Microorganism: Staphylococcus aureus JCM2151 


antibiotics 


Growth inhibiting Concentration of antibiotics (ug/ml) 


concentrations of lactoferrin hydrolysate (mg/ml) 


0 


0.4 


1.6 


6.4 


penicillin 


>1 






0.1 


ampicillin 


>1 






0.1 


cephalothin 


>1 






0.01 


erythromycin 


>1 






0.01 


kanamycin 


>1 


>1 


>1 


0.1 


staphcillin 


>1 


>1 


>1 


0.1 


streptomycin 


>1 


>1 




0.1 


hostacyclin 


1 






0.1 


genlamicin 


1 


0.1 


0.1 


0.1 


polymyxin B 


>1 


0.1 


0.1 


0.1 


chloramphenicol 


>1 


>1 


>1 


1 



Table 25 



Test Microorganism: Escherichia coll 0-111 


antibiotics 


Growth inhibiting Concentration of antibiotics (ug/ml) 


concenlrations of antimicrobial peptide (mg/ml) 


0 


16 


64 


256 


penicillin 


>1 


>1 




0.1 


ampicillin 


>1 


1 




0.1 


cephalothin 


>1 


>1 




0.01 


erythromycin 


>1 


1 




0.01 


kanamycin 


>1 


. >1 




0.01 


staphcillin 


>1 


>1 




0.01 


streptomycin 


>1 


>1 




0.01 


hostacyclin 


1 


1 




0.1 


gentamicin 


1 


1 


0.1 


0.1 


polymyxin B 


>1 


>1 


0,1 


0.1 


chloramphenicol 


>1 


>1 


1 


0.1 



22 



EP 0 629 347 A1 



Table 26 



Test Microorganism: Staphylococcus aureus JCM2151 


antibiotics 


Growth Inhibiting Concentration of antibiotics (ug/ml) 


concentrations of antimicrobial peptides (mg/ml) 


d 


16 


64 


256 


penicillin 


>i 




1 


0.1 


ampiciliin 


>i 




1 


0.1 


cephalothin 


>i 




1 


0.01 


erythromycin 


>i 




1 


0.01 


kanamycin 


>1 


>1 


1 


0.01 


staphciilin 


>i 


>1 


1 


0.01 


streptomycin. 


>i 


>1 


1 


0.01 


hostacyclin 


1 




1 


0.1 


gentamicin 


1 


0.1 


0.1 


0,1 


polymyxin B 


>i 


0.1 


0.1 


0.1 


chloramphenicol 


>1 


>1 


1 


1 



Test 24 

Components in the test and control media and eventual concentrations thereof were adjusted by 
properly combining Oug. lOug, 100ug and lOOOug/ml of lactoferrin-derlved antimicrobial peptides of (2) (in 
Preparation of Samples, supra), and Oug. lOug. and 50ug/ml of antibiotics of (3) (supra), then viability 
assay was made on an antibiotics-resistant microorganisms (methiclllih-resistant Staphylococcus aureus 
(wild type)). 

The results are shown in Tables 27. As will be apparent from table 27. It was confirmed that the 
antimicrobial peptides potentiated the antimicrobial activity of the antibiotics. On the other hand, no 
antimicrobial activity was observed when antibiotics were not included, but antimicrobial peptides were 
added. Therefore, it Is apparent that the augmentation of the antimicrobial activity was resulted from 
•potentiation due to coexistence of the antimicrobial peptides. 

In addition, similar assay was made, utilizing antimicrobial peptides other than that used in this test, it is 
confirmed that the antimicrobial activity of the antibiotics was potentiated by the coexistence thereof. 

Table 27 



concentration of 
minomycin (ug/ml) 


survival rate (%) 


concentrations of antimicrobial peptide (ug/ml) 


0 


10 


100 


1000 


0 


100 


69 


60 


3.6 


10 


32 


21 


21 


0.01 


50 


5.2 


4.8 


2.4 


<0.002 



Test 25 

Components in the test and control media and eventual concentrations thereof were adjusted by 
properly combining Oug and lOug/ml of lactoferrin-derived antimicrobial peptides of (2) (in Preparation of 
Samples, supra), and lOug and lOOug/ml of lactoferrin of (4) (in Preparation of Samples, supra), lysozyme 
of (5) (supra) or 1-monocapryloy! rac-glycerol of (6) (supra), and Oug and lug/ml of antibiotics of (3) 
(supra), then viability assay was made on Staphylococcus aureus (JCM-2151). 
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The results are shown In Tables 28, As wiir be apparent from the table, the coexistence of the 
antimicrobial peptide, and either one of lactoferrin, lysozyme, and 1-monocapryloyl-rac-glycerol augments 
the antimicrobial activity of the antibiotics. On the other hand, when the antimicrobial peptide, and either 
one of the lactoferrin, lysozyme, and 1-monocapryloyl-rac-glycerol were added, but antibiotics was not 

5 added, almost no antimicrobial activity was observed. Therefore, it is apparent that the augmentation of the 
antimicrobial activity is resulted from potentiation due to coexistence of the antimicrobial peptide, and either 
one of lactoferrin, lysozyme, and 1 -monocapryloy I-rac-glycerol as well as the antibiotics. . 

In addition, similar assay was made utilizing antimicrobial peptides other than that used in this test, or 
lactoferrin hydrolysates. metal-chelating proteins, decomposed casein, tocopherol, cyclodextrin, glycerine- 

10 fatty acid ester, alcohol, EDTA or a salt thereof, ascorbic acid or a salt thereof citric acid or a salt thereof, 
polyphosphoric acid or a salt thereof, chitosan, cystein, or cholic acid and an antibiotics other than that used 
in this test, It Is confirmed that the antimicrobial activity of the antibiotics was potentiated. 

Table 28 . 

16 





survival rate (%) 


control 


penicillin 
(mg/ml) 


streptomycin 
(lug/ml) 


control 


100 


14.2 


12.4 


antimicrobial peptide (lOug/ml) 


60 


0.4 


0.2 


antimicrobial peptide (lOag/ml) + 
lactoferrin (lOOu/ml) 


7.4 


<0.01 


<0.01 


antimicrobial peptide (lOiig/ml) + 
lysozyme (lOOu/ml) 


6.5 


<0.01 


<0.01 


antimicrobial peptide (lOixg/ml) + 1 
monocapryloy I-rac-glycerol (100ug/ml) 


7.3 


<0.01 


<0.01 



AS explained in detail in the foregoing tests, it will be understood that the present invention provides 
antimicrobial agents which have excellent antimicrobial activity against a wide variety of microorganisms, 
and which can be safely used for foods, drugs and the like. Since the antimicrobial agents of this invention 

35 exhibit potentiated antimicrobial activity with a minor quantity, almost no affect on the palatabllity of the 
foods when they are used for treatiTient thereof. 

Moreover, when an antibiotic is included as one of the effective components of the antimicrobial agent, 
the antimicrobial activity of the antibiotic is remarkably potentiated, thus it is possible to reduce the quantity 
of the antibiotic to be included therein. In addition, the antimicrobial agents of this Invention exhibit 

40 remarkable antimicrobial activity against microorganisms which have tolerance to a certain kinds of 
antibiotics. 

Now, Some examples will be described hereunder more concretely and more precisely for explanation 
of the present Invention, however, it should be noted that the present invention Is not limited thereto. 

45 Example i 

About lOOOg of a solution of lactoferrin hydroiysate was yielded in such a manner that: 50g or 
commercial lactoferrin just as isolated from cow's milk was dissolved into 950g of distilled water; the 
resultant solution was heated at 120 • C for 15 minutes; after the pH of the resultant solution was adjusted to 
50 2 with 1 N hydrochloric acid; then the resultant solution of lactoferrin hydroiysate was cooled (concentration 
of the lactoferrin hydroiysate: 5%). The hydrolyzing rate of the product was 9%. 

From the solution of lactoferrin hydroiysate, about 49g of powdery lactoferrin hydroiysate was yielded 
by concentrating the solution under diminished pressure, followed by freezedrying. An antmicrobial agent of 
this invention was prepared by homogeneously mixing lOg of the powdered lactofen-ln hydroiysate and Ig 
55 of EDTA • 2 natrium (by Wako Junyaku Company). 
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Example 2 

About 10kg of a solution of lactoferrin hydrolysate (concentration of tlie products: 10%) was yielded m 
such a manner that 1kg of commercial lactoferrin (by Oreofina company, Belgium) just as isolated from 
5 cow's milk was dissolved into 9kg of distilled water, followed by adjustment of pH to 2.5 by addition of 2 
mole citric acid, addition of 30g of commercial swine pepsin (1:10000; by Wakoh Junyaku Company) to the 
resultant liquid, incubation of the resultant liquid at 37 for 180 minutes, deactivation of the pepsin by 
heating at 80 • C for 1 0 minutes, and cooling the resultant solution. The hydrolyzing rate of the product was 
11.3%. 

70 From the solution of lactoferrin hydrolysate, about 960g of powdery lactoferrin hydrolysate was yielded 
by concentrating the solution under diminished pressure, followed by freezedrying. An antimicrobial agent 
of this invention was prepared by homogeneously mixing 100g of the powdered lactoferrin hydrolysate and 
30g of citric acid (by Nakaraitesk Company). 

75 Examples 

Hydrolysis of lactoferrin was made in such a manner that: 50mg of commercial bovine lactoferrin (by 
Sigma Company) was dissolved into 0.9ml of distilled water; pH of the resultant solution was adjusted to 2.5 
by addition of 0.1 N hydrochloric acid; after adding Img of commercial swine pepsin (by Sigma Company) 

20 the resultant solution was hydrolyzed at 37 "C for 6 hours; the pH of the resultant solution was adjusted to 
7.0 with 0.1 N sodium hydrooxide; then the enzyme was deactivated by heating at BO'C for 10 minutes; the 
resultant liquid was cooled and centrifuged at 15,000rpm for 30 minutes thereby a clear supematant 
containing lactoferrin hydrolyzate was obtained. 

One hundred (100) ul of the supematant was passed through a column of TSK gel ODS 120T (by 

26 TOHSOH Company) at a flow rate of 0.8ml/min.. then the column was rinsed with 20% acetonitrile 
containing 0.05% of TFA (trifluoro acetate) for 10 minutes. Acetonitrile gradient (20-60%) containing 0.05% 
of TFA was further passed through the column for 30 minutes during which period a fraction eluted between 
24-25 minutes was collected and dried under diminished pressure. 

The resultant powder (lactoferrin hydrolysate) was dissolved into distilled water to make a 2% (w/v) 

30 solution which was passed through a column of TSK gel ODS-120T (by TOHSOH Company) at a flow rate 
of 0.8ml/min. Acetonitrile (24%) containing 0.05% TFA was passed through the column for 10 minutes, then 
24-32% acetonitrile gradient containing 0.05% of TFA was passed through the column for 30 minutes 
during which a fraction eluted between 33.5-35.5 minutes was collected. The latter HPLC procedure was 
repeated 25 times, the resultant eluate was dried under diminished pressure to thereby obtain 1.5mg of 

35 antimicrobial peptide. * 

The resultant antimicrobial peptide was hydrolyzed with 6N hydrochloric acid, then amino acid 
composition thereof was analyzed with an amino acid analizer In accordance with the conventional method. 
The same sample was subjected to vapor phase sequencer (by Applied Bio = Systems Company) to make 
Edman decomposition 25 times thereby the sequence of 25 amino acid residues was determined. Also, 

40 presence of disulfide linkage in the peptide was confirmed by the disulfide-linkage analysis (Analytical 
Biochemistry; Vol. 67. page 493, 1975) utilizing DTNB (5,5-dithio-bis(2-nitrobenzoic acid)). 

As a result, it is confirmed that this peptide have an amino acid sequence as shown in Sequence No. 
26 (infra), consisting of 25 amino acid residues, and having a disulfide linkage between 3rd and 20th cysein 
residues, and that two amino acid residues bonded to the 3rd cystein residue on the N terminus side, and 5 

45 amino acid residues bonded to the 20th cystein residue on the C-temninus side. 

An antimicrobial preparation of this invention was prepared by homogeneously mixing 1g of commercial 
lactoferrin (by Sigma Company) to 100mg of the powdery antimicrobial peptide. 

Example 4 

so 

-An antimicrobial peptide of which amino acid sequence is known (Sequence No. 27) was synthesized 
with peptide-auto-synthesizer (LKB Bioynx 4170. by Pharmacia LKB Biotechnology Company) in accor- 
dance with Solid Phase Peptide Synthesis by Shepperd et al. (Journal of Chemical Society Perkin I., page 
533, 1981), the particulars of which are as follows: 
55 Anhydrides of desired amino acids were produced by adding N.N-dicyclohexylcarbodiimide to said 
amino acids of which amine-functional groups were previously protected with 9-fluorenyl methoxi carbonyl 
groups. The resultant Fmoc-amino acid anhydrides were used for synthesis of the peptide. Peptide chains 
in a known amino acid sequence were formed in such a manner that Fmoc-lysine anhydrides which 
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correspond to the lysine residue at the C-terminus of the peptide was fixed to Ultrosyn A resin (by 
Pharmacia LKB Biotechnoiogy Connpany) with their carboxyl groups under the presence of 
dimethylaminopyridine as a catalyst Washing the resin with dimethylformamide containing pyperidine to 
thereby remove the protective groups bonded to amine-functional groups of the C-terminus amino acids 

5 (lysine); the Fmoc-lysine anhydrides which corrspond to 2nd amino acid from the C-terminus in the amino 
acid sequence were coupled to the deprotected amine-functional groups of the C-terminal lysine which was 
previously fixed to the resin. In the same manner, methionine, arginine, tryptophan, glutamine, tryptophan, 
arginine, arginine, threonine, and lysine were successively coupled to the amino acid which was coupled 
immediately before. When the successive coupling of all amino acids was completed, and the aimed 

10 peptide chains having the desired sequence were formed, removal of the protective groups other than 
acetamide-methyl and detachement of the synthesized peptides from the resin were performed by addition 
of a soient consisting of 94% TFA, 5% of phenol, and 1% of ethandiol, the resultant solution of the peptide 
was purified with HPLC, then the purified solution was concentrated and dried to thereby obtain the peptide 
powder. 

75 The amino acid composition of the resultant peptide was analyzed with an amino acid analyzer in 
accordance with the conventional method, thereby it is confirmed that the synthesized peptides have the 
amino acid sequence as shown in Sequence No. 27. 

An antimicrobial agent of this invention was prepared by homogeneously mixing lOOmg of the 
synthesized antimicrobial peptide with 2g of caseinphosphopeptide (the same one used in Test 2, supra). 

20 

Example 5 

An antimicrobial agent of this invention was prepared by homogeneously mixing 40g of the powdered 
lactoferrin hydrolysate prepared in the same method as in Example 1 and 2mg of streptomycin. 

25 . 

Example 6 . . 

An antimicrobial agent of this invention was prepared by homogeneously rfiixing lOOg of the powdered 
lactoferrin hydrolysate prepared in the same method as in Example 2 and 1mg of polymyxin B. 

Example 7 . 

An antimicrobial agent of this invention was prepared by homogeneously mixing 500g of the powdered 
lactoferrin hydrolysate prepared in the same method as in Example 2 and 0.1 g of oxtetracyclin. 

35 

Example 8 

An antimicrobial agent of this invention was prepared by homogeneously mixing lOOmg of the 
antimicrobial peptide prepared in the same method as in Example 3 and Img of minocycline (tetracycrin 
40 antibiotics). 

Example 9 - . 

An antimicrobial agent of this invention was prepared by homogeneously mixing 100mg of the 
45 antimicrobial peptide prepared in the same method as in Example 3 and Img of penicillin G. 

Example 10 

An antimicrobial agent of this invention was prepared by homogeneously mixing lOmg of the an- 
60 timicrobial peptide prepared in the same method as in Example 3, IQOmg of lysozyme, and 1mg of 
penicillin G. 

Example 11 

55 An antimicrobial agent of this invention was prepared by homogeneously mixing lOOmg of the 
antimicrobial peptide prepared in the same method as in Example 4 and 0.5mg of gentamicin. 
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Example 12 

Eye lotion (aqueous solution) was prepared with the following ingredients in accordance with the 
conventional method. 



boric acid 


1.60 (%) 


antimicrobial agent of Example 4 


0.15 


methyl cellulose 


0,50 



Example 13 

Chewing gum was prepared with the following ingredients in accordance with the conventional method. 



gum base 


25.00 (%) 


calcium carbonate 


2.00 


perfumery 


1.00 


antimicrobial agent of Example 2 


0.02 


sorbitol powder 


71.89 



Example 14 

Tooth paste was prepared with the following Ingredients In accordance with the conventional method. 



calcium secondary phosphate • 2 hydrate 


36.93 (%) 


sorbitol 


45.00 


glycerin 


15.00 


carboxymethyl cellulose • natrium 


1.50 


sorbitan fatty acid ester 


0.50 


saccharin natrium 


1.00 


antimicrobial agent of Example 1 


0.07 



Example 15 

Skin cleanser (rinse) was prepared with the following ingredients in accordance with the conventional 
method. In use. the skin cleanser Is diluted 50-f61d with water. 



sodium chloride 


8.0 (%) 


antimicrobial agent of Example 3 


0.8 


distilled water 


91.2 



Example 16 . 

A composition affecting epidermis (ointment) was prepared with the following ingredients in accordance 
with the conventional method. 
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ethyl p-hydroxybenzoate 


0.10 (%) 


butyl p-hydroxybenzoate 


0.10 


lauromacrogol 


0.50 


cetanol 


18.00 


white petrolatum 


40.00 


distilled water 


40,85 


peptide of Sequence No. 27 


0.15 


1 -monomyristoyl-rac-glycerol 


0.30 



70 

Example 17 

Hand lotion was prepared with the following ingredients in accordance with the conventional method. 

75 



20 



carbowax 1500 


8.00 (%) 


alcohol 


5.00 


propylene glycol 


52.00 


distilled water 


33.90 


perfumery 


0.30 


peptide of Sequence No. 26 


0.20 


1-mono!auroyl rac glycerol 


0.20 


cholic acid 


0.40 



2S 

. Example 16 . 

Eye lotion (aqueous solution) was prepared with the following ingredients in accordance with the 
30 conventional method. 



35 



boric acid 


1.60 (%) 


antimicrobial agent of Example 5 


0.15 


methyl cellulose 


0.50 



Example 19 . 

40 A composition affecting epidermis was prepared with the following ingredients in accordance with the 
conventional method. 



ethyl p-hydroxybenzoate 


0.1 (%) 


butyl p-hydroxybenzoate 


0.1 


lauromacrogol 


0.5 


. cetanol 


20.0 


white petrolatum 


40.0 


water 


29.3 


antimicrobial agent of Example 6 


10.0 



Example 20 

55 iFeed for animals was prepared with the following ingredients in accordance with the conventional 
method. 
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dried fish powder 


30.0 (%) 


soybean grounds 


39.9 


wheat 


30,0 


antimicrobial agent of Example 7 


0.1 



Example 21 

A composition affecting epidermis was prepared with the following ingredients In accordance with the 
conventional method. 



ethyl p-hydroxybenzoate 


0.1 (%) 


butyl p-hydroxybenzoate 


0.1 


lauromacrogol 


0.5 


cetanol 


20.0 


white petrolatum 


40.0 


water 


29.3 


antimicrobial agent of Example 8 


10.0 



Example 22 

A therapeutic composition for mammititis was prepared with the following Ingredients in accordance 
with the conventional method. 



1 ,2-hydroxy stearin 


0.1 (%) 


glyceromonostearate 


0.5 


butylated hydroxyanlsol 


0.02 


peanut oil . 


93.48 


antimicrobial agent of Example 9 


5.0 



Example 23 

A composition affecting epidermis was prepared with the following ingredients in accordance with the 
conventional method. 



ethyl p-hydroxybenzioate 


0.1 (%) 


butyl p-hydroxybenzoate 


0.1 (%) 


lauromacrogol 


0.5 


cetanol 


20.0 


white petrolatum 


40.0 


water 


29.3 


antimicrobial agent of Example 10 


10.0 



Example 24 

Antibiotic agent having following composition was prepared in accordance with the conventional 
method. 



Antimicrobial agent of Example 11 100.0 {%) 
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INDUSTRIAL APPLICATION 

The antimicrobial agent of this invention is useful as dmgs having potent antimicrobial activity against 
bacteria, yeasts, fungi, and the like. Especially, it is useful for prevention and treatment of microbial 
5 Infection caused by microorganisms which is resistive to wide variety of antibiotics. It is also useful for 
treatment of various matters such as drugs, foods, and the like with safety and great efficiency. 

SEQUENCE LISTING 

Sequence Number: J 
length : 11 
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type : amino acid 
topology: 1 inear 
species : peptide 

feature : the specified peptide as welJ as peptides including the 
specified peptide as a fragment thereof 

sequence: 

Lys Xaa Xaa Xaa Xaa GJn Xea Xaa Met Lys Lys 
1 5 JO 

(In the sequence indicated above. Xaa denotes an optional amino acid 
residue except Cys. ) 

Sequence Number: 2 
length : 11 
type : amino acid 
topology: linear 
species : peptide 

feature : the specified peptide as well as peptides including the 
specified peptide as a fragment thereof 

sequence: 

Lys Xaa Xaa Xaa Xaa flln Xaa Xaa Met Arg Lys . 
1 5 10 

(In the sequence indicated above, Xaa denotes an optional amino acid 
residue except Cys.) 

Sequence Number; 3 
length : 6 
type : amino add 
topology: linear 
species ; peptide 

feature : the specified peptide as well as peptides including the 
specified peptide as a fragment thereof 

sequence: 

Arg Xaa Xaa Xaa Xaa ^rg 

1 5 

(In the sequence indicated above, Xoa denotes an optional amino acid 
residue except Cys.) 
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Sequence Number: i 
length : 6 
type ' amino acid 
topology: linear 
species : peptide 

feature : the specified peptide as weJ I as peptides including the 
specified peptide as a fragment thereof 

sequence: 

Lys Xaa Xaa Xaa Xaa Arg . 
I 5 

(In the sequence indicated above, Xaa denotes an optional amino acid 
residue except Cys. ) 

Sequence Number: 5 
length • € 
type : ainjno acid 
topology: linear 
species : peptide 

feature : the specified peptide as well as peptides includljng the 
sjpecified peptide as a fragoent thereof 

sequence: 

Lys Xaa Xaa Xaa Xaa Lys 
1 5 

(In the sequence indicated above, Xaa denotes an optional amino acid 
residue except Cys. ) 

Sequence Number; 6 
length : 6 
type : amino acid 
topology: linear 
species : peptide 

feature : the spec I T i ed pept t de as well .as peptides I ncl udLng. the 
specified peptide as a fragment thereof 

sequence: 

Arg Xaa Xaa Xaa Xaa Lys 
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15 

(In the sequence indicated above, Xaa denotes an optional amino acid 
residue except Cys: ) 

Sequence Number: 7 
length : 5 
type : amino ocfd 
topoJogy: linear 
species t peptide 

feature : the specliied peptide as wel) as peptides )nc]uding the 
specified p^sptide as a fragment thereof 

sequence: 

Arg Xaa Xaa Xaa Arg 

1 5 

(In the sequence Indicated above, Xaa denotes an optional amino acid 
residue except Cys.) 

Sequence Number: 8 
length : S 
type " amino acid 
topology* linear 
species : peptide 

feature : the specified peptide as well as peptides including the 
specified peptide as a fragment thereof 

sequence: 

r^ys Xaa Xaa Xaa Arg 

(In the sequence indicated above. Xaa denotes an optional aminp acid 
residue except Cys.) 

Sequence Number: 9 
length : 5 
type : amino acid 
topology: linear 
species : peptide 

feature : the specified peptide as well as peptides including the 
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specified peptide as a fragment t[iercof 

sequence: 

Arg Xaa Xa«i Xaa Lys 
)■ " 5 , 

(In the sequence indicated above, Xaa denotes an optional aminio acfd 
residue except CysO 

Sequence Number: 10 
length : 6 

type : amino acid . 
topology: linear 
species : peptide 

feature ^ the specified peptide as well as peptides includihg the 
specified p'3ptfde as a fragment thereof 

sequence: 

Fhe Gin Trp Gin Arg Asn 
I 5 

Sequence Number: J J 

length . : 5 

type * amino acid 

topology: linear 
. species :. peptide 

feature : the specified peptide as well as peptides Including the 
specified peptide as a fragment thereof 

sequence: 

Phe Gin Trp Gin Arg 
J 5 

Sequence Number: 12 

length : 4 
type : amino acid 
topology: linear 
species ; peptide 

feature : the specified peptide as well as peptides includiz^g the 
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specified peptide as a fra^inent thereof 

sequence: 
Gin Trp Gin Arg 
J 

Sequence Number: 13 
length : 3 
type : amino acid 
topology: linear 
Species : peptide 

feature : the specl.fied peptide as weJ 1 as peptides including the 
specified peptide as a fragment thereof 

sequence: 
Trp Gin Arg 

1 ■ ■■ 

Sequence Number: 14 - 
length : 5 
type : amino acid 
topology: linear 
species : peptide 

feature : the specified peptide as well as peptides including the 
specified peptide as a fragment thereof 

sequence: 

Arg Arg Trp Gin Trp 

■ ' I ■■ ■ . ■ ■. .5. 

Sequence Number: 15 
length : 4 
type : amino acid 
topology: linear 
species : peptide 

feature.: the specified peptide as welJ as peptides including the 

specified peptide as a fragment thereof 
sequence: ■ 
Arg Arg Trp Gin 
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I 

Sequence Number: 16 
length : 4 
type : amino acid 
topology: linear 
species : peptide 

feature : the specified peptide as weJ J as peptides Including the 
specified P'Sptidc as a fragment thereof 

sequence: 
Trp Gfn Trp Arg 
1 

Sequence Number: 17 
length : 3 
type : amfno acid 
topology: linear 
species : peptide 

feature : the specified peptide as well as peptides including the 
specif iecl peptide as a fragment thereof 

sequence: 
Gin Trp Arg 

. 1 . . 

Sequence Number: 18 
length : 6 
type : amino acid 
topology: linear 
species : peptide 

feature : the specified peptide as well as peptides Includiiiig the 
specified peptide as a fragment thereof 

sequence: 

Leu Arg Trp Gin Asn A«p 
1 5 



Sequence Number: 19 
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length : 5 
type : amino acid 
topology: J jnear 
species : peptide 

feature : the specified peptide as well as pept i dcs i ncl ud ing the 
specified peptide as a fragment thereof 

sequence: 

Leu Arg Trp Gin Asn 
J 5 

Sequence dumber: 20 
length : 4 
type : amino acid 
topology: J inear 
species : peptide 

feature : the specified peptide as well as peptides including the 
specified peptide as a fragment thereof 

sequence: 

Leu Arg Tpp Gin 

• 1 , . . . ' *■ 

Sequence Number: 21 
length : 3 
type : amino acid 
topology: linear 
Species : peptide 

feature : the specified peptide as well as peptides fncJudlbg the 
specified peptide as a fragment thereof 

sequence*- 
Arg Trp Gin 

■ . 1 ■ ■ ■ * • 

Sequence Number: 22 
length : 20 
type : amino acid 
topology: linear 



37 



EP 0 629 347 A1 



species : peptide 

feature : the specified peptide as well as peptides fncJudIng tlie 
specified peptide as 0 fragment thereof 

In the sequence indicated hereunder^ 2nd and 9th cysteins 
arc bonded with disulffed linkage. 

sequence: 

Lys Cys Arg Arg Trp Gin Trp Arg Met Lys Lys Leu Gly Ale Pro 
1 5 10 15 

Ser lie Thr Cys Val 

20 . 

Sequence Number t 23 
length : 20 
type : amino acid 
topology: linear 
species peptide 

feature : the specl:r.ied peptide as we} 1 as peptides includitng the 
specified peptide as a fragment thereof 

In the sequence indicated hereunder, Cys* denotes that the 
cystein is prevented by chemical modification of its thiol 
group from. Qiaking disulfide linkage^ 

sequence: 

Lys Cys ^ Arg Arg Trp Gin Trp Arg Wet Lys Lys Leu Gly Ala Pro 
I 5 10 15 

Ser lie Thr Cys* Val 

■■■■ 20 

Sequence Number: 24 
length : 20 
type : amino acid 
topology: 1 inear 
species : peptide 

feature : the specified peptide as well as peptides includi|ng the 
specified peptide as a fragment thereof 

In the sequence indicated hereunder, 2nd and J 9th cysteins 
are bonded with disulfied linkage. 
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sequence; 

Lys Cys Phe Gin Trp Gin Arg Asn Met Arg Lys Val Arg Gly Pro 
1 5 10 15 

Pro Val Ser Cys lie 
20 

Sequence Number: 25 
length : 20 
type ' amino acid 
topology: linear 
species : peptide 

feature : the specified peptide as well as peptides includllng the 
specified peptide as a fragaient thereof 

In the sequence indicated hereunder, Cys* denotes that the 
cystein ist prevented by chemical modification of its thiol 
group frow making disulfide linkage, 
sequence'- 

Lys Cys* Phe Gin Trp Gin Arg Asn Met Arg Lys Val Arg Gly Pro 
25 1 S. 10 15 

Pro Val Ser Cys* He . 

■ - -20 

Sequence Number: 26 
length : 25 
type • amino acid 
topology: linear 
species - peptide 

feature : the specified peptide as well as peptides including the 
specified peptide as a fragment thereof 

In the sequence indicated hereunder, 3rd and 20th cysteins 
are bondc«1 with disu If fed linkage. 

sequence ; 

Phe Lys Cys Arg Arg trp Gin Trp Arg Met Lys Lys Leu Gly Ala 
1 5 10 15 

Pro Ser lie Thr Cys Val Arg Arg Ala Phe 
20 . 2S 
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Sequence Number: 27 
length : 11 
type : amino acid 
topology: linear 
species : peptide 

feature : the specified peptide as well as peptides including the 
specified peptide as a fragment thereof 

sequence: 

Lys Thr Arg Arg Trp Gin Trp Arg Met Lys Lys 
1 5 10 

Sequence Number: 28 
lengtli : 38 
type : amino acid 
topology: J inear 
species : peptide 

feature : the specified peptide as well as peptides including tbe 
specified p-^ptide as a fragment thereof 

In the sequence indicated hereunder, 16th and 33rd cysteins 
are bonded ^rith dlsulffed linkage. 

sequence: 

Lys Asn Val Arg Trp Cys Thr He Ser Gin Pro GIu Trp Phe Lys 
1 5 JO 15 

Cys Arg Arg Trp Gin Trp Arg Met Lys Lys Leu Gly Ala Pro Ser 

20 25 30 

lie Thr Cys Val Arg Arg Ala Phe 

35 

Sequence Number: 29 
length : 32 
type : amino acid 
topology: linear 
species : peptide . 

feature : the specified peptide as well as peptides Including the 
specified peptide as a fragment the.reof 
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In the sequence indicated hereunder, 10th and 27th cystefns 
are bonded .with disulfied linkage- 

sequence: 

Thr Tie Ser CIn Pro Glu Trp Phe Lys Cys Arg Arg Trp Gin Trp 
1 5 10 15 

Arg Wet Lys Lys Leu Gly Ala Pro Ser He Thr Cys. Val Arg Arg 
20 25 30 

Ala Phe 

Sequence Number : 30 
length : 47 
type = floiino acid 
topology: J inear . 
species ' peptide 

feature : the specified peptide as well as peptides including the 
specified peptide as a fragment thereof 

In the sequence indicated hereunder, there are two disulfied 
linkages between 9th and 26th cysteins In the longer 
peptide chain having 36 anfno acids, and 35tb cystein of the 
longer peptide chain and 10th cystein of the shorter 
peptide chain haying 11 amino acids- 

sequence: 

Val Ser Gin Pro Glu Ala Thr Lys Cys Phe Gin Trp Gin Arg Asn 
r 5 10 15 

Met Arg Lys Val Arg Gly Pro Pro Val Ser Cys He Lys Arg Asp 

20 25 30 

Ser Pro Tic Gin Cys lie 

35 

Gly Arg Arg Arg Arg Ser Val Gin Trp Cys Ala 
. 1 5 10 

Sequence Number; 31 . 
length : 5 
type ; amino acid 
topology: straight c^ain 
species : peptide 
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feature : tho specified peptide as well as peptides including the 
specified peptide as a fragoent thereof 

sequence = 
^ Lys Xea Xaa Xaa Lys 

1 ■ 5 

(In the sequence indicated above, Xaa denotes an optional amino acid 
residue except Cys. ) 

10 

Claims 

IS i. An antimicrobial agent containing (A) lactoferrin hydrolysate and/or one or nnore of antimicrobial 
peptides derived from lactoferrins, and (B) one or more compounds selected from the group consisting 
of metal-chelating protein, tocopherol, cyclodextrin, glycerin-fatty acid ester, alcohol.. EDTA or a salt 
thereof, ascorbic acid or a salt thereof, citric acid or a salt thereof, poiyphosphoric acid or a salt thereof, 
chitosan, cysteine, and cholic acid as the effective components thereof. 

20 

2, The antimicrobial agent of claim 1, wherein said metalchelating protein comprises lactoferrin. transfer- 
rin, conalbumin, or casein phosphopeptides. 

3- An antimicrobial agent containing (A) lactoferrin hydrolysate and/or one or more of antimicrobial 
25 peptOdes derived from lactofen^ins, and (C) at least an antibiotic as the effective components thereof. 

4. The antimicrobial agent of claim 1, wherein (C) said antibiotic includes penicillin, semi-synthetic 
penicillin, cephem antibiotic, carbapenem antibiotics, monobactam antibiotics, aminoglycoside antibiot- 
ics, peptide antibiotics, tetracycline antibiotics, chloramphenicol, macrolide antibiotics, rifamycin, van- 
so comycin, fosfomycin, synthetic antimicrobial agent, antifungal drug, antituberculosis drug, and poly- 
myxin B. 

5. An antimicrobial agent containing (A) lactoferrin hydrolysate and/or one or more of antimicrobial 
peptides derived from lactoferrins, (C) at least an antibiotic, and (B) one or more compounds selected 

35 from the group consisting of metal-chelating protein, lysozyme, decomposed casein, tocopherol, 
cyclodextrin, glycerin-fatty acid ester, alcohol, EDTA or a salt thereof, ascorbic acid or a salt thereof, 
citric acid or a salt thereof, poiyphosphoric acid or a salt thereof, chitosan. cysteine, and cholic acid as 
the effective components thereof. 

40 6, The antimicrobial agent of claim 5, wherein said antibiotic includes penicillin, semi synthetic penicillin, 
cephem antibiotic, carbapenem antibiotics, monobactam antibiotics, aminoglycoside antibiotics, peptide 
antibiotics, tetracycline antibiotics, chloramphenicol, macrolide antibiotics, rifamycin, vancomycin, fos- 
fomycin. synthetic antimicrobial agent, antifungal drug, antituberculosis drug, and polymyxin B. 

45 7. The antimicrobiar agent of claim 5. wherein said metal-chelating protein comprises lactoferrin, transfer- 
rin, conalbumin. or casein phosphopeptides originating from a -casein, or -casein. 

8. A method for treatment of a matter with an antimicrobial agent containing (A) lactoferrin hydrolysate 
and/or one or more of antimicrobial peptides derived from lactoferrins, and (B) one or more compounds 
50 selected from the group consisting of metal-chelating protein, tocopherol, cyclodextrin, glycerin-fatty 
acid ester, alcohol, EDTA or a salt tiiereof, ascorbic acid or a salt thereof, citric acid or a salt thereof, 
poiyphosphoric acid or a salt thereof, chitosan, cysteine, and cholic acid as the effective components 
thereof. 

55 9. The method of Claim 8, wherein said metal-chelating protein comprises lactoferrin, transferrin, conal- 
bumin, or casein phosphopeptides. 
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10. A method for treatment of a matter with an antimicrobial agent containing (A) one or more of 
antimicrobial peptides derived from lactoferrins, and (C) at least an antibiotic as the effective compo- 
nents thereof. 

5 11. The method of Claim 10, wherein said antibiotic comprises penicillin, semi-synthetic penicillin, cephem 
. antibiotic, carbapenem antibiotics, monobactam antibiotics, aminoglycoside antibiotics, peptide antibiot- 
ics, tetracycline antibiotics, chloramphenicol, macrolide antibiotics, rifamycin, vancomycin, fosfomycin, 
synthetic antimicrobial agent antifungal drug, antituberculosis drug, and polymyxin B. 

10 12. A method for treatment of a matter with an antimicrobial agent containing (A) lactoferrin hydrolysate 
and/or one or more of antimicrobial peptides derived from lactoferrins, (C) at least an antibiotic, and (B) 
one or more compounds selected from the group consisting of metal-chelating protein, lysozyme, 
decomposed casein, tocopherol, cyclodextrin, glycerin-fatty acid ester, alcohol, EDTA or a salt thereof, 
ascorbic acid or a salt thereof, citric acid or a salt thereof, polyphosphoric acid or a salt thereof, 

75 chitosan, cysteine, and cholic acid as the effective components thereof. 

13. The method of Claim 12, wherein said antibiotic comprises penicillin, semi-synthetic penicillin, cephem 
antibiotic, carbapenem antibiotics, monobactam antibiotics, aminoglycoside antibiotics, peptide antibiot- 
ics, tetracycline antibiotics, chloramphenicol, macrolide antibiotics, rifamycin, vancomycin, fosfomycin. 

20 synthetic antimicrobial agent, antifungal drug, antituberculosis drug, and polymyxin B. 

14. The method of claim 12, wherein said metal-chelating protein comprises lactoferrin, transferrin, 
conalbumin. or casein phosphopeptides. 

25 
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